Simulation on crowd evacuation has attracted plenty of attention in the past few years. Emotion plays a significant role in human decision making processes and on the behaviors during the evacuation. Moreover, grouping is a common phenomenon in crowds, and there are a lot of roles included in a group. In this paper, we present a unified framework to model the structure aspect of the groups with emotion for a crowd suffering fires and explosions in public areas. The proposed evacuation framework consists of two components: (1) an emotion model for various roles in the case of an emergency. Emotional changing is a complex process where different roles are influenced by different factors. (2) Both intra-group structure and inter-group relationship are considered to simulate the herd phenomenon in emergency. The structure and behaviors of a group are related to the emotions of different roles. A follower can decide whether to leave the group or not according to the emotion of the group leader and the one of his own, thus the members of the group may always dynamically change. Simulation results show that the developed framework can practically model the emotion changing and different group structures of evacuation crowds.
I. INTRODUCTION
Modeling and simulating evacuation crowd have been an active research topic in recent years. Many applications can benefit from modeling crowd evacuation, such as safety engineering, computer game, site planning, and emergency plan. In some large and crowded places, people are prone to chaos and congestion when an emergency occurs, resulting in huge economic losses, and even casualties. If we can simulate the evacuation of large crowds in complex buildings, it will realize a guiding significance for the emergency plan in an emergency. Researchers have developed many approaches to simulate evacuation behaviors in emergent situations [1] , [2] , [3] . Some of the existing crowd behavior models were based on homogeneous individuals [4] , [5] , while some others employed the heterogeneous individual as the research object to simulate evacuation processes [6] , [7] .
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Grouping is a common phenomenon in crowds in the real world, e.g., pedestrians will form a group with other individuals due to social relationship, the same goal, and so on. Santos et al. [8] thought that groups have four features including the context of the group operate, the aggregation of group members, group density, and relationships. Reference [9] presented a knowledge-based framework to model crowd motions in an unfamiliar environment. Different group structures can affect the efficiency and the realistic of evacuation crowds. For instance, a leader-follower structure is closer to the reality than a clustered structure, because people have a herd mentality in emergency situations.
From psychological findings [10] , emotion constrains perception and reasoning so that evacuees with different emotions make different behavior decisions in the same environment. More and more studies have shown that it causes a huge difference between simulation results and real evacuation results, if the impact of emotion has not been considered during the simulation.
In this study, we propose a unified modeling and simulation framework for crowd evacuation that integrates emotion into the group structure. Each a group is constructed by a Leader-Follower model including a leader and some followers. The intra-group structure and inter-group relationship maintain the movement of a crowd. On the other hand, the emotions of individuals are affected by many factors, such as their roles, accident, and time. Each phenomenon (emotion, emotional change, intra-group structure, and inter-group relationship, etc.) has been implemented in our simulation framework.
Experiments are performed by using this framework to investigate the impact of emotion on evacuations. Particularly, the influence of leader's emotion on follower's emotion and behavior, and the size and movement of group will be investigated. Observing simulation results, we find that pedestrians escaping as multiple groups beads on Leader-Follower model with emotion exhibits a significant influence on the evacuation process.
The major contributions of this paper are listed as:
1) We propose a novel crowd behavior simulation method, which combines Leader-Follower model with emotional model, to simulate how people in panic follow their leader and escape. 2) We establish a novel emotion model to describe the different emotional contagion mechanisms of leaders and followers through both intra-group structure and inter-group relationship. 3) We present an improved social force model, which not only considers the forces among the individuals within a group, but also takes the ones among the groups into account.
The remainder of this paper is organized as follows: In Section 2, we review the evacuation simulation based on individual characteristics and the methods combining emotion and behavior models. Because this paper divides individuals into groups, the modeling of group is also reviewed. Section 3 presents a unified framework that models the intragroup structure and inter-group relationship of the pedestrian crowds under the influence of emotion. Section 4 provides some experiment results to demonstrate the effectiveness of integrating the emotion into a group structure for crowd evacuation. We summarize this paper and discuss future work in Section 5.
II. RELATED WORK
Simulations on crowds have gained tremendous attentions in recent years. There exist some models that are widely used to describe pedestrian behavior, for example, rule-based flocking systems [11] , social forces model [12] , lattice gas model [13] , [14] , cellular automaton model [15] , and floor field model [16] . Physical property is an important factor that can not be ignored in crowd simulation. In order to describe the chaotic emergent behaviors at high densities, Golas et al. [17] used a continuous method in which interpersonal forces is represented as stress fields caused by discomfort and friction of the underlying simulated pedestrians. Luo et al. [18] proposed a framework to model proactive steering behaviors for agent-based crowd simulation, and the framework is extensible to incorporate different proactive steering behaviors for complex crowd scenarios.
Emergency evacuation is an important application area of crowd behavior simulation, in which the heterogeneity of agents, such as personality and emotion, is important to achieve a more realistic process of crowd movement [19] . Exploiting the well-known Eysenck 3-Factor personality model, Guy et al. [20] presented a modeling technique to generate heterogeneous crowd behaviors by adjusting the simulation parameters, which is mapped to the personality model. By adopting the OCEAN (i.e. openness, conscientiousness, extroversion, agreeableness, neuroticism) personality model and the OCC emotion model, Mao et al. [21] proposed an emotion based agent modeling framework to simulate crowd behaviors in public emergency. Liu et al. [22] proposed a personality-based emotional contagion model and simulated the crowd evacuation behaviors in a fire scenario, and they found that appropriate emotional contagion can speed up the evacuation of the crowd. Nguyen et al. [23] proposed a mathematical formalization of its two main components: emotion and its dynamic change to simulate multi-agent evacuation. Aydt et al. [24] offered an emotion engine based modern appraisal theory, which is able to model various emotional crowd characteristics. In [25] , a simulation with psychological parameters was proposed, in which agents are endowed with three characteristics: personality based on the OCEAN model, mood based on the OCC model and emotion based on Pleasure-Arousal-Dominance model.
Integrating emotion and dynamic group behavior model, Mao et al. [26] discussed the impacts of emotion on their moving speed, the desired goal and path planning. In [27] , a belief-desire-intention based extended decision field theory was proposed, which can simulate the human decision-making process driven by emotion under a dynamic environment. Luo et al. [28] gave emotional attributes to agents to estabtish a generic behavior modeling and simulation framework for crowd simulation, while focusing on imitating real human's decision-making process. Cai et al. [29] constructed a hierarchical model for virtual miner, which incorporates a finite state machine based behavior module and an emotion model combining OCEAN and OCC models. Results from [29] shown that the virtual miner' emotions exhibit an impact on their behavior choice. Lyu et al. [30] presented an emotion network by using theories of social network and interagroup emotions, and calculated motion variables through emotion commands.
In addition, hierarchical models, which can organize the individuals into large crowds, groups and individuals, have been developed [31] . Most of existing works on evacuation modeling and simulation adopt flow-based and individualbased approaches. Few work focuses on the aspect of grouping and group structures. Adopting scalar field method, Fang et al. [32] proposed a leader follower model, which has the capability to simulate some social collective behaviors such as queuing and collective mobility and suffered difficulty handling counter-flow conditions in dense crowding situations. Qiu and Hu [33] proposed a novel welldefined framework to model the structure aspect of different groups, and an agent-based simulation system was designed to model the crowd behaviors with group structures. In [34] , an improved social force model was proposed, in which group members are attracted by the leader to ensure that every individual follows its leader. Qin et al. [12] established a two-layer relationship mechanism, and added the aggregate force and collective collision avoidance force into the original social force to reproduce the self-organization phenomenon of the bi-direction pedestrian flow. In [35] , agents are divided into groups based on their relative proximitys, and their desired velocity is calculated by social force model. However, most of these works did not consider the emotions of groups, which have an important impact on the evacuation of a crowd. We incorporate an emotion model into the evacuation framework, in which each group is built by using a Leader-Follower model, to simulate the dynamic changing of group structure.
III. SIMULATION DESCRIPTION
The main goal of this paper is to design a unified simulation framework to systematically model the different aspects of the group structure with emotion in evacuation crowd, as shown in Fig. 1 . During the evacuation, individuals naturally follow the nearby individuals to form a group. Thus, an evacuation crowd consists of many groups, and each group is composed of different individuals with two roles, leader and follower. We consider emotion as a particular mental state which shows an important impact on the behaviors of the group individuals. Emotion is short-term and elicited from multiple factors, e.g., events, other individuals and objects. In the following sections, we will describe the emotion changing in groups via a Leader-Follower model and group structure of the crowd.
A. THE EMOTION OF THE LEADER-FOLLOWER MODEL
A crowd contains a set of groups, each of which is based on a Leader-Follower model. In other words, a group contains a group leader and some group followers. The emotions and behaviors of the followers are influenced by the leader in the same group. However, the leader is influenced by someone follower in other groups. Similar to [36] , the panic intensity of an individual is modeled as a floating point number depending on other individuals, accident and time in the emergency situation. Thus, E panic (t) represents the panic intensity felt by individual i at time t and E panic (t) ∈ [0, 1]. We divide the emotion of an individual into three stages: E panic (t) ∈ [0, 0.3], individual i is calm; E panic (t) ∈ (0.3, 0.6], individual i feels weak panic; E panic (t) ∈ (0.6, 1], individual i feels strong panic. Each individual uses different colors (white, pink, and red) to graphically stand for his current emotion level, as shown in Fig. 2 .
1) THE EMOTION CHANGE OF FOLLOWERS
During the evacuation, the emotions of the followers vary in real time. At each time step, t, we calculate the follower i's emotion of these three elements separately and clamp their sum between 0 and 1 as
where E panic i (t − 1) is the panic intensity of the follower i at the previous moment, E leader→i (t) represents the intensity of the emotion spread by the leader towards follower i, E fire→i (t) defines the intensity of the emotion spread by the accident, E time→i (t) is the value of the emotional decay.
a: PANIC INTENSITY CHANGE BY THE LEADER
In a group, the leader serves as an important role in the emotions of the followers during the process of evacuation. The panic intensity of a follower decreases if the group leader does not feel panic; on the contrary, panic intensity will increase. In addition, we should consider that the leader expresses his emotion to the group followers in a different way, thus let λ leader be the emotional expression power of the leader. The value of the expression power is a random variable and λ leader ∈ [0, 1]. The intensity of emotion spread by the leader towards follower i can be expressed as
where E panic l (t) means the panic intensity of the leader at time step, t, d leader is a physical factor describing the distance between follower i and its leader. According to [37] , it can be given by
where dis leader,i is the physical distance between the leader and follower i, Dis group is the maximum distance between the leader. So, the larger d leader is, the more severely the follower i is influenced by the leader. According to [38] , the acceptable emotion of the followers not only depends on the emotion expression of the leader, but also relays on the neuroticism, a personality traits of the follower own [39] . The greater the value of neuroticism is, the easier emotion changes
where δ i means the neuroticism of follower i, and δ i ∈ [0, 1]. The value of δ i is randomly initialized for each follower at the beginning of the evacuation simulation. For example, follower i accepts only 50% of the emotion intensity which spread by the leader, when δ i = 0.5.
b: PANIC INTENSITY INCREASE BY ACCIDENT
A sudden incident may occur in the scene, such as fires in the building. Moreover, individuals may change their positions in real-time during the evacuation, as they can dynamically perceive emergency events. When a follower perceives an accident, such as fires, his emotion intensity will increase. The intensity of the emotional increasing is related to the damage intensity of the fire and the distance between the fire and follower i
where Int fire (t) means the intensity of the fire at moment t. The intensity can dynamically change with the rising and fall of the fire in order to simulate more realistic evacuation process. Int fire (t) = 1 indicates that the fire is exuberant, and Int fire (t) = 0 means the fire has gone out. d fire is a physical factor describing the distance between agent i and the fire. Similar to Eq. (2), it can be described as
where dis fire,i is the distance between the fire and follower i, Dis fire is the maximum influence distance of the fire that individuals are not affected.
At the same time, an individual can perceive multiple fires within his perceive range. All of the fires perceived can affect follower i. Similarly, the acceptance of the emotion intensity depends on the neuroticism of follower i. The influence of the fire on follower i emotion can be given as
The change of emotion is a complex process which depends on multiple factors. Emotions of the individuals increase due to stimuli and other individuals. However, the panic of an individual is not always active, which decays and disappears over time. Similar to [40] , at each time step t, the value of an emotion intensity decreases as
where β i is a decay coefficient, which determines the speed of emotional decay, which β i ranges in (0,1), and the larger β i is, the faster emotional decline will occur.
2) THE EMOTION CHANGE OF LEADERS
In the real world, crowd has a herd phenomenon in an emergency, following the front pedestrian to move. However, not all leaders are trained to control their emotions strictly and fully understand the environment. For instance, leaders can always keep calm and do not feel panic if they are firemen. If leaders are the employees in the mall, they may not feel panic too much because they have a comprehensive understanding of the environment. Leaders will also tend to panic and worry if they are just the shoppers without any related trainings in the mall. Leaders can manage their emotions more effectively and minimize the impact of the external stimuli on themselves if they have been trained. But the emotional changing of the leaders is still a complex process, including the effects of other groups, fires, and time. So we define the emotion intensity of a leader as
where E panic l (t − 1) is the panic intensity of the leader at time step, t − 1, E group→leader (t) represents the intensity of emotion spread by a group towards the leader, E fire→i (t) defines the intensity of the emotion spread by the accident, E time→i (t) is the decay function of the emotion over time is equal to Eqs. (8) .
a: PANIC INTENSITY CHANGE BY OTHER GROUPS
As mentioned before, only the group leader's emotion is influenced by the individuals in other groups. The mechanism of the group's effect on the leadership is similar to that of the leader's effect on followers, which is expressed as
where λ group means the emotional expression power of the group and λ group ∈ [0, 1]. E panic group (t) means the emotion intensity of the group at the previous time moment, d group is a physical factor describing the distance between the leader and the group, which is defined by the maximum perception distance Dis leader and the Eulerian distance between the group and the leader dis group,leader as
The group emotion is the average value of emotions of all the individuals in the group as follows
where Num group is the total number of the individuals in the same group, and E panic i (t) indicates the emotion intensity of individual i. The acceptance of the leader relys on training level, besides of the neuroticism, which can be describe as E group→leader (t) = (1−Train l )·δ leader ·e group→leader (t) (13) where Train l indicates the training level of the leader and the value of Train l varies in [0,1]. A larger Train l represents the leader's emotion is less affected by other groups. Actually, each individual in the group is assigned with a variable training level, but it will be considered only when the individual becomes a leader. The variable training level is initialized for each individual in a random manner at the beginning of the simulation. The leader may perceive multiple groups within the perceived range at the same time, and different groups have different effects on the leaders. This paper only consider the maximum influence of other groups on the leader. Moreover, δ leader means the neuroticism of the leader.
b: PANIC INTENSITY INCREASE BY ACCIDENT
Similarly, a leader is also affected by fires during the evacuation. We present a function to calculate the part of panic generated by fires as follows
where e fire→leader can be calculated by using Eqs. (5) and (6) . Differing from the followers, the emotion changing of the leader is related to the training level. The leader with a high training level can minimize the panic caused by the fire.
B. GROUP STRUCTURES
In our work, a crowd consists of some other different groups formed by many individuals. At one time, each individual only belongs to one group. However, the grouping will not be fixed, because individuals are able to dynamically choose groups. Note that the number of the individuals in each group is greater than or equal to 1. Similar to [33] , the group structure of a crowd is composed of two aspects: intragroup structure and inter-group relationship. Within a group, the intra-group structure is maintained by the leader-tofollower influencing relationships in Leader-Follower model. Meanwhile, the group-to-group relationships form the intergroup relationship.
1) INTRA-GROUP STRUCTURE
As we simulate crowd motion by using the social force model [41] , then emotion will change the velocity of an individual by the forces in social force model. In a group, each individual is set with a unique ID. we assume that the individual with the smallest ID is the leader in a group at the beginning of simulation. Similar to [35] , the current moving direction of an individual is marked as Direction, and the perception range of the individual (ID = 5) is an elliptical area, as shown in Fig. 3 . The individual (ID = 1) who is marked in green is the leader of the group. Angle defines the individuals perceptual field of view, and the distance of the visibility is specified by Dist1 which defines the maximum front distance for visibility and Dist2 which defines the maximum side distance for the visibility. In our work, Dist1, Dist2, and Angle are set to 25*Radius, 6*Radius, and 120 degrees, respectively. Moreover, the body radius of each individual is specified by Radius.
We consider that the behaviors of each individual (the leader and the followers) are composed of two aspects: Following and Collision avoidance.
Following: Herd behavior among a crowd is a common phenomenon in an emergency. As a group follower, its moving direction is mainly instructed by the leader. Secondly, the follower also follows the average moving direction of other followers in the same group. As a group leader, he may move towards the moving direction of some individuals in other groups. This behavior allows individuals in the same group to approximately move toward to the exits in the same direction. However, the leader will lose the leadership if his emotion is too panicky, and some followers will not continue to follow the leader and join other groups.
Collision avoidance: In the process of the movement, an individual may collides with other individuals in real time, which may cause push and stampede accidents. Therefore, the collision avoidance behavior of the individuals can keep safe distances among individuals, and improve the evacuation efficiency. 
a: FOLLOWING OF GROUP FOLLOWERS
Follower i will not only considers the moving direction of the leader, but also consider the moving direction of the neighbors in the same group and within the perception range, and the individual direction in last moment, as follows
We assume that three influence factors are weighted with parameter E panic leader and E panic i . γ (Z ) = Z / Z means normalization of a vector Z. The emotion intensity E panic i of follower i influences the follower's preferred the individual direction v foll i (t − 1) or the average direction of other followers v foll j (t − 1) i . We think calm individuals will keep the entirety of the group. Followers deviate from the group and choose individualistic behavior if E panic i is high, and follow other individuals calmly to maintain intra-group structure, if E panic i is low. On the other hand, the emotion intensity E panic i reflects the leader's degree of the leadership, followers follow the moving direction of the leader while E panic i is low; otherwise, the followers will not follow the leader, as shown in Fig. 4 .
b: COLLISION AVOIDANCE OF INDIVIDUALS
Collision behavior may occur at any time in the process of real-time movement of the individuals (the leader and the followers). These behavior not only exists between the follower and the follower, but also exists between the follower and the leader in a group. In a simulation scenario, the obstacles may be static objects, walls, and other dynamic followers. The acceleration of the collision avoidance of individual i can be described as
where d − → v avd i /dt represents the acceleration of the collision avoidance generated by individual i, due to walls and other individuals in time t, m i is the mass of individual i, − → f iW means the interaction force between individual i and wall W , − → f ij is the interaction force between individuals i and j. These two interaction forces make the individuals keep the distances to other individual j and wall W . We incorporate the speed of an individual with emotion intensity, and the desired speed v i (t) of the individual i in social force model are improved as
if individual i is a follower 1.5, if individual i is a leader (18) where E panic i (t) indicates the emotion intensity of individual i at time t, v max i is the maximum speed of individual i. The speed of a leader is higher than that of a follower. The greater the emotion value is, the greater the maximum speed v max i will be. In the experiments, we set v max i for individual i with calm as 1m/s, v max i for individual i with weak panic as 1.3m/s, and v max i of individual i with strong panic as 1.6m/s.
2) INTER-GROUP RELATIONSHIP
Each group has a unique GroupID. During an emergency evacuation process, a group is likely to follow other groups nearby due to the lack of an objective evaluation of the emergency situation [42] . In our work, groups maintain the inter-group relationships primarily through the behaviors of the leaders.
a: FOLLOWING OF GROUP LEADER
The group leader is influenced by the individuals in other groups and follows the individual that has the greatest similarity. The similarity Similarity j between leader leader and individual j in other groups is affected by two aspects: distance and emotion, as follows 
The shorter the Euclidian distance Distance(leader, j) from leader to individual j is, and the lower of emotion intensity E panic j of individual j is, and further more likely the leader will follow individual j. However, if there is no such a follower in other groups in the perception range, the leader will not follow any other individuals.
b: DYNAMIC GROUPING OF CROWD
The members of the group who can dynamically select groups are not fixed. When the emotion intensity E panic l of the group leader is greater than the threshold κ i (the emotion intensity that follower i can accept), follower i will leave the original group. Then, follower i will join other groups with the most similarity and follow the leader of the new group, as shown in Fig. 5 . The process of dynamic grouping is presented as 
IV. EXPERIMENT
We run a diverse set of crowd simulation in various situations, and all experiments are realized by using C++ in the Visual Studio 2013 and Unity 3D 6.0. We implemented on a PC with Windows 10, Inter Core i7 3.6 GB processor, an AMD Radeon R5 graphics card, and 8 GB RAM. Two principal characteristics of pedestrian movements (the flow and the individual) are considered in this section. The evacuation crowd realized by using divided into a series of groups. The inter-group relationship implemented by adopting flow-based approach, and the intra-group structure is individual-based approach. The experiments mainly include four parts: 1) We simulated evacuations with or without emotional contagion to analyze the importance of our emotional mechanism. 2) We analyzed the effect of the leader on emotional contagion and evacuation time. 3) We simulated evacuations considering leaders with different training levels. 4) We validate the effectiveness of our simulation results by comparing with [25] and [35] . In addition, when the emotions of individuals are affected by the accidents, we choose different colors to represent different emotional intensity. White stands for calm (E panic (t) ∈ [0, 0.3]), red for extreme panic (E panic (t) ∈ (0.6, 1]), and pink is between these two states (E panic (t) ∈ (0.3, 0.6]). Furthermore, leaders are marked in green.
A. COMPARE THE EVACUATION RESULT OF CROWD WITH OR WITHOUT EMOTION
We compare the evacuation results of the crowd with or without considering emotion in the shopping mall with 200 individuals. The simulation scenario is with a size of size 35m × 30m. There are five small rooms in this scenario and we mark A, B, C, D, E, respectively. In addition, at the beginning of the simulation, there is only one group in each room. Simulation results without emotion are shown in Fig. 6 . Since the influence of emotion has not been considered in the evacuation model, each group has a fixed membership. Fig. 7 shows the evacuation crowd simulation with emotional contagion. At the start of the simulation, some panic followers are wandering briefly, so as to show that some pedestrians are at a loss when an emergency occurs in the real world. Soon, the individuals evacuate to the exits together in groups. From Fig. 7 , we can see that individuals show different emotions in groups, and the emotions of individuals are constantly changing. For example, a follower can vary from calm to panic, because of closing the fire, and he can also change from panic to calm due to the positive infection of the leader. Moreover, the results of the crowd simulations with emotional contagion show that the members of the groups with emotion will change. For example, some members in Group D leave from Group D and join Group E. This is the main reason for the differences between Fig. 6 
(b) and 7(b).
On the other hand, compared with the groups with emotion, the speed of the groups without emotion is slower, as shown in Fig. 6(b) , and the individuals remaining in the shopping mall are more than the ones shown in Fig. 7(b) . In addition, the followers with strong panic, are in front of the followers with other emotions in most of the groups, as depicted in Fig. 7(b) . This is because emotions can affect the individual's speed, which can be explained by Eqs. (11) . The experiment shows that our model can simulate real-world emergency situation more realistically, as individuals are set with different levels of emotion during the crowd evacuation.
To further prove the effect of emotion on individual's speed, we compared the evacuation time between the groups with emotional contagion and those without emotions. In this experiment, the pedestrian size varies from 100 to 800. The comparison results are presented in Fig. 8 . This gap of evacuation times will gradually increase, as the size of the crowd increases. However, when the number of individuals exceeds 500, the gap narrows. Because the large number of individuals leads to congestions.
B. THE INFLUENCE OF LEAER ON GROUP EMOTIONAL CONTAGION
The simulation includes 200 individuals who are distributed in an indoor environment with a size 20 m × 20 m. A simulation scenario with seven exits is shown in Fig. 9 . In a real scenario, there are many reasons for the formation of group structure. In the initialization stage of the experiment, the individual with relatively a close distance form a group and the individual with the smallest ID is selected as the leader of the group. In this experiment, the training value of all leaders are set as 0.9. In other words, the emotions of the leaders will not easily change during the evacuation.
In the early stage of the evacuation, most of the individuals are in a state of strong panic (color: red). With the passage of time and being gradually away from the fire source, the emotions of the followers are infected by the calm emotion of the leader in the same group. Emotional values gradually decrease and tend to be calm (color: white). Meanwhile, the followers move along with the leaders to the appropriate exit without any collisions, and they do not leave the group or join another group, because the all leaders always keep calm.
Referring to the inter-group relationship, the leaders of the groups follow each other, when the groups with the same targets (exits). In the groups with inconsistent targets, the interaction among the leaders is small. Leaders choose safe targets with close distances and far away from fire.
When we conduct the simulation with 5 leaders, the average evacuation time for the individuals is 68s. When the number of the leaders increases to 15, the average evacuation time for the individuals is 47s, as shown in Fig. 10 . In both of the simulations, 200 individuals are distributed. The results reveal that we can reduce the evacuation times for the individuals by increasing the number of the leaders in the field.
C. THE IMPACT OF LEADERS' EMOTION ON CROWD EVACUATION
This experiment explores the relationship between the emotion of the leader and the emotion of a group. The virtual environment is constructed according to office buildings, in which there are two floors with multiple office rooms and a large hall. There are two safety doors in the office building to the outside environment. 250 individuals are considered in the whole scene, where there are 50 individuals in the hall, and the rest are in the office rooms. At the beginning of simulation, 50 individuals are randomly distributed in the hall with a size 22m × 20m. When an explosion happens, the individuals will continuously flood into the hall from the office and run to the doors to evacuate.
The main factor that influences the emotional change of leaders is their training ability. In Fig. 11 , we set the training values of leaders as 0.1, and the training values of the leader are set to 0.8 in Fig. 12 . Most of the leaders are in a strong panic state, and the followers are also in a state of extreme negative in Fig. 11(a) . In Fig. 12(a) , when the training level is high, the leader will not be easily affected by the surrounding environment, and can maintain a state of low emotional value (calm, or weak panic). The intra-group relationship of the individuals is weak, and the relative positions of the individuals are dispersed. Individuals will leave their groups many times and follow new leaders, when the leaders are in strong panic state (for example, the red circle in Fig. 11(a) ). On the contrary, as shown in Fig. 12 , the individuals close to each other can form a series of groups for evacuation, and follow the leaders of their groups when the emotional values of the leaders are low. Almostly, no followers will reselect their leaders in the whole evacuation process. As shown in Fig. 11(d) , there are about 110 followers who are evacuating, and 26 of them return to calm, accounting for 23.6%. From Fig. 12(d) , we can see that about 100 followers are running away, and 37 of them return to calm, accounting for 37%. This shows that the leader's high level of training can help followers stay calm and evacuate faster.
Experiments are carried out by using the proposed simulation framework to examine the influence of leaders' emotion on the evacuation procedures. The simulation scenario represents an office building, which is as same as previous experiments. There are 500 individuals in the virtual scene. We set different training levels for the leaders (Level = 0.1, Level = 0.2, Level = 0.3, . . ., Level = 0.9), and observed the emotional changes of the leaders and groups as evacuation time increased. Table 1 shows a comparison made amongst the average emotion intensity of the leaders with different levels of training, and Table 2 shows the average emotion of the group led by the leaders at different levels of training. From Table 1 , we can see that the higher the training level of the leaders is, the lower the emotional intensity of the leaders is. Meanwhile, as time goes by, the emotions of the leaders will gradually decrease. Table 2 shows that the crowd is prone to strong panic if the training level of the leader is low. Besides, the higher the training level of the leader is, the faster the team will recover its calmness.
This experiment explores the relationship between the size of a group and the emotions of the leaders. Fig. 13 shows the overall experiment results, where Y-axis records the size of a group and the emotional value of the leader, and X-axis indicates the simulation time. We can see that, when a leader is too panic, his followers will leave him and choose another leader, thus the size of the group gradually decreases. On the contrary, the size of the group moderately increases if the emotional value of the leader is low.
D. COMPARISON OF DIFFERENT EVACUATION MODELS
The method of Luh et al. [35] divides the crowd into a series of groups, but does not consider the impact of emotion. Durupinar et al. [25] introduce emotion contagion model into crowd. Table 1 shows the quantitative comparisons of the frames per second (FPS) and total evacuation time (TET) among the three methods in presence of crowds with different sizes. Although the FPS of our approach is slightly slower than the method [35] , wehave considered the important effects of the emotion which can greatly improve the reality of evacuation simulation. Moreover, the TET of our approach is shorter than that of the two other methods. 
V. CONCLUSION
The main contribution of this paper is that we propose a simulation framework for crowd evacuation, which integrates emotion into group structure by using Leader-Follower model. Specially, making use of Leader-Follower model, an emotional change model is proposed for evacuation crowd. Moreover, we explore the intra-group structure and intergroup relationship to maintain the movement of a crowd. The group structure will not be fixed, because the followers can dynamically choose group according to the emotion of the leaders and themselves.
In the future, we will set up a new crowd model with more psychological elements to enable our simulation model to simulate evacuation behaviors more accurately. On the other hand, we will employ general-purpose computing on graphics processing units to improve the efficiency of the simulation, thus it can sustain massively modeling and simulation of evacuation crowd. Moreover, we will also focus on learning individual trajectories from real scenes to reproduce crowd behavior. 
